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This presentation is a review of the efforts of the Materials Division at
NASA's Lewis Research Center to evaluate the quality of the Division's output
and use that evaluation to improve performance. A brief description of the
Division will be presented which will be followed by a discussion of the steps
taken to improve the quality of our output and evaluate the effectiveness of
those steps.
The Materials Division's Branches as well as the broad spectrum of techni-
cal dlsclpllnes which the organ_zation encompasses are shown in figure I.
With about 190 dlrect staff (approximatel'y 105 C.S. plus SSC, on-site univer-
slty, industrial guest investigators, NRC post-doctoral fellows, etc.) and
only 16 managers, the span of control is rather broad. In addition, segments
of Branches are located in different buildings expanding the problems of
direct supervlsor/staff interaction.
The Division's job stretches from generic, rather basic research and
modeling aimed at new understanding of barrier problems to the identification
of new materials and processes (fig. 2). All of this creates new materials
options for NASA and the aerospace industry to apply toward our very challeng-
Ing future missions and commercial/military propulsion and power systems.
Some of these results are focused on more mlsslon-specific materials needs
such as very high performance alrcraft turblne englnes or large space power
generators. In selected cases, an ongoing flight project requires dlrect
materials support when a problem arises in fabrication or hardware performance.
In such instances, the full theoretical background and experlence of the Divi-
sion can be focused to get a rapid, feasible solutlon.
The complex relatlonshlps our Center has with its customers and which we,
as a microcosm of the Center, also have Is displayed in figure 3. Baslcally,
we have these three sets of customers: our Headquarters offices that provide
the direct funding via interaction with the executive and legislative arms of
government; our government customers - both within NASA and beyond - who use
our technology to enable enhanced mission performance; and our Industrial cus-
tomers who take pieces of our work and adapt them to commercial systems. In
addition, as a research laboratory, we have peers for whom we also provide
scientific understanding, new ideas, and reports.
It is important to contlnually interact with our customers. Based on
their inputs and our own creativity, we couple key nationa] needs and opportu-
nities. Plans are formulated to pursue these needs but by the time specimens
are fabricated, test capability set up and checked, etc., several years can go
by. Thus, the needs themselves or the people who articulated them may have
moved to other organizations. For this reason, continuing feedback and discus-
sion is necessary to close the loop (shown in fig. 4).
Figure 5 compares the different measures of success faced by our research-
ers versus our technologists. Different customers have different needs. The
research customers base success on new ideas and publications. A contlnuing
flow of these useful contrlbutlons Is important. For our technology custom-
ers, success is the timely delivery of concepts that can be used, i.e.,
converted into tools or hardware for a reasonable additional investment.
We identify some of the efforts we have made to better meet a11 of our
customers needs in figure 6. In the subsequent figures, we will try to provide
examples of the approach and results.
An approach taken to see what our industrial customers really valued and
what they felt we needed to work on to satisfy their future needs is shown in
figure 7. The results, of course, are proprietary to each company. However,
some things we gave low priority were viewed very highly by industry. This
feedback caused us to rebalance part of our work and our resources.
Figure 8 shows the results of a nonparticipative edict in 1983 when this
present management took charge of the Division - "Shift reporting to peer-
reviewed Journals" rather than publishing in _ASA internally reviewed reports
which have a more limited distrlbutlon. Journal articles doubled and have
remained a substantial fraction of our output of reports, conference proceed-
Ings, book chapters, etc.
To go beyond Just report quantity, we instituted our pilot effort to
assess report quality and developed the framework shown in figure 9. Note the
quallty of the research and the potential impact on NASA needs combine to be
predominant factors rather than belng concerned only with the writing clarity,
etc.
The evaluation of these reports by both the first line supervisor (Branch
Chlef) and by Dlvls|on management (Deputy Division Chief) are reasonably
close. A plot of the scores is shown in figure 10. If a major disagreement
arises, a thlrd party (the Division Chief Sclentlst) also evaluates the report.
Figure II shows the distribution of scores since we started this process in
9/87. The preponderance of reports rate very good to excellent. Figure 12
shows a very s11ght trend upward in scores. We will continue to foster
Improvements and yet need to be alert to "grade creep."
We are also working to upgrade the technical skills of our staff. One
aspect has focused on hlrlng with graduate training. Figure 13 shows the heavy
concentration of MS and PhDs hired since 1983. These figures, of course,
reflect both C.S., and SSC hiring,
Once hired, we are working to better mentor our new people. Our recently
developed formal approach to mentorlng is shown in figures 14 to 16. To date,
it is too early to judge the results but we feel we're moving in the right
directlon.
Discusslon topics related to career review were formalized on a division-
wide formal basis in 1989 (although many of these topics always have been
covered informally). Here we are trying to get the issues discussed that
relate to actions that the indlvldua] and management must take to help each
person move their career In the direction that they want it to go. The form
used as a guideline for these discussions is presented in figure 17.
To move toward better management, we've been surveying our staff for over
5 years as to how they felt about Division management. The form used is shown
on figures 18 and 19. Basically, we ask them to anonymously rate the two of
us overall, and on the three major strategic growth directions the Center Is
pursuing. The only identifier is the Branch Code so we can spot any local
trouble or organlzatlonal-specifIc issues. We also ask for additional input
as to how things are going from their view. We then tabulate all the data,
summarize it by Branch, and have a feedback session where we discuss the prob-
lem areas and what we will try to do to improve.
A similar questionnaire that was developed in 1988 for the staff to rate
thelr Immediate supervisor is reproduced as figures 20 and 21. Again, the
inputs are anonymous. One, noninvolved secretary collects all the responses,
tabulates the data, lists all the comments separately (so scores and comments
are not tied together) and gives me the floppy disks. Then she destroys the
original forms. While we lose somewhat in not being able to correlate score
and comment, the preservation of anonymity is essential. The results were
very positive. A few managers got some specific areas to work on and in
general we were told we need more focus on better sollciting staff input.
Figure 22 reflects that Lewis Materials Division is among the top organi-
zations In the U.S. We will not be satisfied with that, however - we will con-
tinue efforts to be the top.
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Branch chiefs and their deputies in the Materials Division
are _ interested in obtaining your perception of
their effectiveness as a manager. This questionnaire is a
means of obtaining information that will assist them in
improving their performance, both actual and perceived. You
are requested to assess your supervlsor's effectiveness in
three general areas: Technical Direction, Organizational and
Personal. Each area has subcategories which encompass
responsibilities of supervisors. Please rate your
supervlsor(s] for each question and assign a ranking to each
in terms of how important the implicit aspects included in
each question are to you. You are also encouraged to include
sDeciflc individual comments. Anonymity is requested.
Results will be shared by the division chief and respective
supervisors.
Rating_ l=Good 2=Average 3=Poor
Importance: l=High 2=Medium 3=Low
TEC}_ICAL DIRECTION
I. Possesses adequate understanding of
technology in area he/she manages.
2. Formulates overall technical program
and goals for the Branch.
3. Provides adequate technical input
to the Branch effort.
4. Solicits your input.
ORGANTZATI(R_AL
5. Obtains funding, equipment, space
and personnel to carry OUt technical
programs of the Branch.
6. Interacts effectively with upper
management.
7. Acts as effective buffer between you
and upper management.
8. Sets up teams to accomplish technical
goals.
Rating
Importance
9. Fosters co_munlcations within Branch.
i0. Provides timely support to address
organizational, personal, etc, problems. _.......
II. Solicits your input.
FIr_l_ 20.
12. Aids in achlevin_ your career goals.
13. Advocatespromotlons and awards when
warranted. I14. Aids in formulating performance plansand provides helpful feedback.
15. Is approachable and willing to
communicate on individual basis.
16. Is fair and evenhanded in dealing
with Branch members.
17. Solicits your input.
Please indicate your perception of the amount cf time your
supervisor devotes to each major category together with what
you think would be an ideal allocation of their time.
Perceived % Time IIdeal % Time
18.19.TECHNICALoRGANIZATIONALDIRECTiON I
20. PERSONAL
SPECIFIC CO_9_NTS [continue on separate sheet if desired )
SUGGESTIONS TO IMPROVE THIS QUESTIONNAIRE OR THIS EXERCISE
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Ultra-high-temperature metals research
Lewis Research Center is the hub of the NASA Advanced High Temperature
Engine Materials Program. Other significant efforts are being conducted at the
AFWAL Aero Propulsion and Materials Laboratories. DOE's Oak Ridge Na-
tional Laboratory and Los Alamos National Laboratory are involved in develop-
ing intermetallics and berynides and modeling their physicochemical
characteristics, respectively. DARPA is sponsoring Mvanced programs on inter-
metallics with emphasis on a titanium aluminide program and a copper niobium
microcomposite program. Numerous contractors and universities are pursuing
high-temperature materials programs.
NASA-Lewls MMC Programs
Metal matrix composites research and
development at NASA-Lewis Research
Center focuses on advanced high-
temperature materials for future aerospace
propulsion and power systems. Many of
the continuous fiber-reinforced metal raa-
tnx composites fabricated at NASA-Lewis
utilize its arc-spray raonntape fabdcarion
process (described in the March 1987 is-
sue of Current Highlights). A major cm
phasis has been on the development of
tungsten-fiber-reinforced superalIoys to
improve creep properties and increase al-
lowable nperafing temperatures for turbine
blade and vane applications in aircraft en-
gines. A significant factor with fiber-
reinfi_fced supemlloys is the prevention of
fiber/matrix interaction, which could de-
grade the properties of the reinforcing fi-
ber. In the worst case, the fiber and matrix
react during high-terapemture fabrication
or service, forming brittle intermetallic
compounds or degrading the fiber. It has
also been found that conventional nickel
base supemlloys can cause a diffusion-
triggered recrystallizarion within the
tungsten wire, causing the fiber to lose its
strength and ductility with fune. To reduce
these degradation reactions, modified Pc-
CrAW superalloys are being used as a
matrix material because iron-base alloys
have much better compatibilit_ with the
tungsten fiber and provide an oxidation-
resistant, high thermJI conductivity, duc-
tile matrix to complement the pmpertles
FIGURE 22.
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